Nine strains isolated from symbiotic root nodules on Alhagi sparsifolia were previously designated as representing genospecies I. Phylogenetic analyses indicated that genospecies I was related closely to Mesorhizobium alhagi (genospecies II), and clearly formed a new lineage within the genus Mesorhizobium. In this study, we differentiated genospecies I from recognized species of the genus Mesorhizobium based on phylogenetic analyses of additional core genes (recA, glnA), levels of DNA-DNA relatedness (,43.3 %), fatty acid profile (58 % C 18 : 1 v7c, 19 % 11-methyl C 18 : 1 v7c), and biochemical and physiological characteristics. The nine strains are therefore considered to represent a novel species of the genus Mesorhizobium, for which the name Mesorhizobium camelthorni sp. nov. is proposed. The type strain is CCNWXJ 40-4 T (5HAMBI 3020 T 5ACCC 14549 T ).
The Xinjiang Autonomous Region of north-west China includes many areas with very poor soils and dry climatic conditions, such as the Taklamakan and Gurbantünggüt deserts. Despite the harsh conditions for plant growth in these areas, the legume Alhagi sparsifolia is well adapted to these arid zones. Its success relies in part on its vigorous root system, which can thrive and spread rapidly in many types of soils including sandy, clayey and alkaline and can reach up to 15 m below the soil surface to tap into the water table (Sprent, 2001; Zeng et al., 2002; Siebert et al., 2004) . As with many other legumes, another key to the ecological success of A. sparsifolia is its ability to form nitrogen-fixing symbioses with soil bacteria (generically termed rhizobia). This commensalism provides the plant with enough nitrogen to enable its growth in nitrogen-poor soils where most other plants cannot grow.
In a previous study, we characterized 33 rhizobia isolated from A. sparsifolia which fell into three genospecies based on restriction analysis and sequencing of their 16S rRNA, dnaK and dnaJ genes (Wei et al., 2009) . Among them, genospecies II (11 isolates) has been described as Mesorhizobium alhagi (Chen et al., 2010) . Here, we describe another group of nine isolates from the legume A. sparsifolia, previously defined as genospecies I, which represents a novel species of the genus Mesorhizobium based on additional data comprising sequences of two additional core genes (recA and glnA), one additional symbiosis-related gene (nifH), fatty acid profile, levels of DNA-DNA relatedness and numerical taxonomy based on phenotypic charcteristics, even though it shares high 16S rRNA gene sequence similarity with M. alhagi (genospecies II).
The 16S rRNA gene sequence of one representative strain from genospecies I, CCNWXJ 40-4 T , and of M. alhagi CCNWXJ12-2 T clustered in a new branch within the genus Mesorhizobium, and were identified as a new Mesorhizobium lineage (Wei et al., 2009; Fig. 1a) . Strain CCNWXJ 40-4 T shared 99.4 % sequence similarity with M. alhagi CCNWXJ12-2 T and less than 97.8 % with the type strains of other recognized species of the genus Mesorhizobium.
For three representative strains of genospecies I, the recA, glnA and nifH genes were amplified and sequenced (Turner & Young, 2000; Gaunt et al., 2001; Laguerre et al., 2001) , and were aligned by using CLUSTAL X v.1.81 (Thompson et al., 1997) . Phylogenies were reconstructed by the neighbour-joining method with Kimura's two-parameter distance correction and 100 bootstrap replicates by using PHYLO_WIN (Galtier et al., 1996) , and by the maximumlikelihood method with the GTR model and 100 bootstrap replicates by using PhyML (Guindon et al., 2005) . recognized species of the genus Mesorhizobium (Fig. 1b) Sequence determination of the nodA and nodC genes was described previously (Wei et al., 2009) ; most A. sparsifolia symbionts harboured closely related nodA and nodC genes that formed a new lineage with M. alhagi CCNWXJ12-2 T . The nifH gene encodes part of the enzyme nitrogenase, a key enzyme necessary for nitrogen fixation in rhizobia that allows them to form symbioses with legumes. Based on nifH gene sequence analysis, the three novel genospecies I strains were intermingled with those of M. alhagi in a wellsupported clade (100 % bootstrap support) that did not include any other of the database sequences investigated (Fig. 1d) . This result differed from those observed with housekeeping gene phylogenies in which genospecies I and M. alhagi were always found in distinct clades. This incongruence between housekeeping genes and a symbiosis-related gene suggests the potential for nifH lateral gene transfer between genospecies I and M. alhagi, as previously suggested for the nodulation genes (Wei et al., 2009) .
Total DNA was extracted from the nine test strains and reference strains by using the method of Marmur (1961) . The DNA G+C content was measured by using the thermal denaturation method of Marmur & Doty (1962) and Escherichia coli K-12 as standard. Levels of DNA-DNA relatedness were determined by using the spectrophotometric method of De Ley et al. (1970) . DNA-DNA hybridization was carried out at 100 u C for denaturation and 78 u C for renaturation. The DNA G+C content of strain CCNWXJ 40-4 T was 63.7 mol% (Table 1) , within the range reported for recognized species of the genus Mesorhizobium (59-64 mol%) (Jarvis et al., 1997) , and the T m value was 79.6 u C. Levels of DNA-DNA relatedness between strain CCNWXJ 40-4 T and other genospecies I strains ranged from 91.4 to 99.6 %, but were less than 43.3 % with the type strains of recognized species of the genus Mesorhizobium (37.9 % with M. alhagi CCNWXJ12-2 T ). Therefore, the strains in genospecies I can be regarded as representing a single novel species even though they were closely related to M. alhagi in the phylogenetic tree based on 16S rRNA gene sequences.
Fatty acid methyl esters were extracted and measured for strain CCNWXJ 40-4 T , M. alhagi CCNWXJ12-2 T , M.
ciceri USDA 3383 T and M. loti NZP 2213 T by using a standard protocol (see Supplementary Table S1 in IJSEM Online). The results indicated that strain CCNWXJ 40-4 T should be assigned to the genus Mesorhizobium as it lacked C 20 : 3 v6, 9, 12c and summed feature 3 (one or more of C 12 : 0 aldehyde, unknown ECL 10.928, iso-C 16 : 1 I and/or C 14 : 0 3-OH) and possessed iso-C 17 : 0 fatty acids (Tighe et al., 2000) . Strain CCNWXJ 40-4 T differed from recognized species of the genus Mesorhizobium in containing higher concentrations of C 18 : 1 v7c.
In total, 125 phenotypic characteristics covering utilization of sole carbon and nitrogen sources, resistance to antibiotics, tolerance to dyes and other chemicals, tolerance to different concentrations of NaCl, temperature and pH ranges for growth, and other characteristics useful for diagnostic purposes with rhizobia were tested for the novel strains. Phenotypic characteristics were analysed by the unweighted pair group method with arithmetic averages (UPGMA) (Sneath & Sokal, 1973) . Based on the results of cluster analysis (Fig. 2) , the nine isolates from A. sparsifolia formed one group while the reference strains were grouped according to species at a similarity level of 76.5 %. The mean similarity for the isolates ranged from 82.0 % for strain CCNWXJ 32-3 to 98.0 % for strain CCNWAX 25-1. Differential characteristics between strain CCNWXJ 40-4 T and its closest relatives are shown in Table 2 and further features are presented in the species description below.
In nodulation tests, all nine test strains formed pink nodules on the roots of A. sparsifolia, which indicated that the nodules were effective in fixing nitrogen, and no nodules formed on the uninoculated control plants in any experiment. In cross-infection tests with legumes that can be found in the sampling areas, strain CCNWXJ 40-4 T was able to nodulate Sophora alopecuroides, Glycyrrhiza inflate and Medicago sativa, but not Indigofera endecaphylla, Vicia cracca or Sophora flavescens. This indicates that strain CCNWXJ T has a narrow host range compared with M. alhagi, even though the two taxa have similar nodA and nodC genes.
Description of Mesorhizobium camelthorni sp. nov.
Mesorhizobium camelthorni (ca.mel.thor9ni. N.L. n. camelthornum camelthorn, a common name for leguminous plants of the genus Alhagi in China; N.L. gen. n. camelthorni of camelthorn, from which the type strain was isolated).
Gram-negative, aerobic, motile, non-spore-forming rods, 0.3-0.6 mm wide by 1.0-1.2 mm long. Colonies on yeast extract-malt extract agar (YMA) are white, opaque, circular and convex with diameter of 1-2 mm within 5-7 days at 28 u C; generation time ranges from 4.8 to 6.6 h. The optimum temperature and pH for growth are 28 u C and pH 7. Unable to grow on YMA at pH 5.0 or pH 12.0 or at ). Able to grow on YMA in the presence of 2 % (w/v) NaCl. The DNA G+C content is 59.5-63.7 mol%. Can be differentiated clearly from other species of the genus Mesorhizobium by both genetic and phenotypic methods, including sequences of core genes (16S rRNA, recA and glnA), fatty acid composition and levels of DNA-DNA relatedness. 
